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EULGJHVZLWKHQRXJKGHWDLO([LVWLQJUHJXODWLRQVLQPRVWFDVHVDUHQRWLQFRPSOLDQFHZLWKPRGHUQUHJXODWLYHVXFKDV
(1  >@ $$6+72 > @ RU &$/75$16 >@ 2Q WKH RWKHU KDQG HYHQ WKH DSSOLFDWLRQ RI PRGHUQ
UHJXODWLRQVKDVFHUWDLQOLPLWDWLRQVLQDQDO\]LQJVWUXFWXUHV\VWHPVRQDKLJKHUOHYHOIRUH[DPSOHLQPRGHUQHDUWKTXDNH
HQJLQHHULQJZKLFK UHTXLUHV HPSOR\LQJRI H[SHUWV IRU WKHVHYHU\ VHQVLWLYH LVVXHV$VVHVVLQJ DEULGJHGDPDJHGE\
HDUWKTXDNHSUHVHQWVDFRPSOH[HQJLQHHULQJWHFKQRORJLFDODQGHFRQRPLFSUREOHPWREHVROYHGE\DQDO\]LQJDQXPEHU
RISDUDPHWHUVLQWKHSURFHVVRIPDNLQJDQRSWLPXPGHFLVLRQ6RPHRIWKHNH\DVSHFWVRIVROYLQJWKLVSUREOHPDUH
UHODWHG WR WKHFUHDWLRQRIDGHTXDWHQXPHULFDOPRGHOVRI WKHGDPDJHGEULGJHVWUXFWXUHDQGDSSOLFDWLRQRIQRQOLQHDU
PHWKRGVWDNLQJLQWRDFFRXQWPRGHUQGHVLJQUXOHVDQGUHJXODWLRQV:LWKLQWKH3%((PHWKRGRORJ\FRQVLGHUDWLRQRI
QRQOLQHDUEHKDYLRURIEULGJHVLVEDVHGRQDPRQJRWKHUWKLQJVWKHDSSOLFDWLRQRIQRQOLQHDUVWDWLFSXVKRYHUDQDO\VLV
163$7KHEDVLVRIEULGJHFDOFXODWLRQVXVLQJQRQOLQHDU VHLVPLFDQDO\VLVDQG WKH IRUPXODWLQJRI)LQLWH(OHPHQW
0HWKRG)(0DUHJLYHQLQ>@$SSOLFDWLRQRI163$LQVROYLQJRISUREOHPVUHODWHGWREULGJHVIRXQGHGRQSLOHVLV
VKRZQLQ>@ZKHUHDVDJHQHUDODSSURDFKWREULGJHDQDO\VLVXVLQJ163$LVVKRZQLQ>@
+RZHYHULQDGGLWLRQWRWKHHQJLQHHULQJDVSHFWVRIWKLVFRPSOH[LVVXHWKHHFRQRPLFDVSHFWVKDYHDOVRSDUWLFXODU
LPSRUWDQFHWKH\DUHUHIOHFWHGWKURXJKWKHHIIHFWVRILQWHUYHQWLRQFRVWVWKHFKRLFHRIWKHPHWKRGDQGDQDO\VLVRIWKH
SHULRGRIWLPHUHTXLUHGIRULQWHUYHQWLRQVRQWKHEULGJHVWUXFWXUH7KHVROXWLRQWRWKHVHSUREOHPVFDQEHIRXQGLQWKH
DSSOLFDWLRQRI WKH0&'0DSSURDFKMulti-Criteria Decision Making7RGD\ WKHUHDUHDFRQVLGHUDEOHQXPEHURI
PXOWLFULWHULDRSWLPL]DWLRQPHWKRGVLQZKLFKWKHVROXWLRQIRUDPXOWLFULWHULDSUREOHPLVREWDLQHGE\FKRRVLQJWKHEHVW
DOWHUQDWLYHIURPDVHWRISUHGHILQHGDOWHUQDWLYHVPXOWLDWWULEXWHGHFLVLRQPDNLQJRUSURJUDPPLQJWKHEHVWDOWHUQDWLYH
PXOWLREMHFWLYHGHFLVLRQPDNLQJ
,Q WKLV SDSHU UHVXOWV RI FODVVLF GHVLJQ PHWKRG DQG RI WKH Performance-Based Seismic Design PHWKRG ZHUH
FRPSDUHGIRUDJLYHQVWUXFWXUHDQRYHUSDVV7KHRYHUSDVVZDVGHVLJQHGDFFRUGLQJWR6HUELDQUHJXODWLRQV653DQG
EXLOW DW WKH VHFWLRQRI(+LJKZD\1RYL6DG %HOJUDGH DVSDUWRI WKH.RYLOM ORRS*LYHQ WKDW WKHSUREOHPRI
VWUHQJWKHQLQJWKHVWUXFWXUHRI5&EULGJHVFDQEHWDNHQLQWRFRQVLGHUDWLRQDQGSUHVHQWHGDVDGLVFUHWHPDWKHPDWLFDO
SUREOHPWKLVUHVHDUFKLVEDVHGRQWKH9,.25PHWKRG
'HVLJQRIRYHUSDVVE\653UHJXODWLRQV
7KHRYHUSDVVZDVGHVLJQHGDFFRUGLQJWR6HUELDQUHJXODWLRQV>@ZKLFKDUHROGHUWKDQWKHPRGHUQUHJXODWLRQVIRU
GHVLJQDQGDQDO\VLVRIEULGJHVWUXFWXUHV/RQJLWXGLQDORYHUSDVVJLUGHUVZKLFKZHUHSUHIDEULFDWHGDQGPRQROLWKL]HG
ZHUHPRGHOOHGDVVXUIDFHJLUGHUV$ORQJWKHWUDQVYHUVHGLUHFWLRQWKHVWUXFWXUDOV\VWHPRIWKHRYHUSDVVZDVPRGHOOHG
DVDIUDPHVWDWLFV\VWHPZKLFKLQFOXGHGWKHSLOHVDVZHOODQGWKHVRLOLQWHUDFWLRQZDVLQWURGXFHGE\XVLQJHODVWLF
VSULQJV)RUWKHVHVSULQJVHTXLYDOHQWVWLIIQHVVZDVGHILQHGIRUERWKSUHVVXUHDQGWHQVLRQ7KHFRQVWLWXWLYHPRGHORI
PDWHULDO EHKDYLRXU LV OLQHDUHODVWLF DQG OLQHDU VWDWLF DQDO\VLV ZDV XVHG IRU GHWHUPLQLQJ FURVVVHFWLRQ IRUFHV )RU
GHWHUPLQLQJRIVHLVPLFHIIHFWVWKHHTXLYDOHQWVWDWLFPHWKRGZDVXVHGZKHUHDVVL]LQJZDVSHUIRUPHGXVLQJVWUHVV
VWUDLQZRUNGLDJUDPVDFFRUGLQJWR3%$%>@
1XPHULFDOPRGHOOLQJRIDQRQOLQHDUVRLOSLOHLQWHUDFWLRQ
1XPHULFDO PRGHO RI WKH RYHUSDVV XVHG IRU QRQOLQHDU DQDO\VLV ZDV WDNHQ LQWR FRQVLGHUDWLRQ E\ DSSO\LQJ WKH
GHFRPSRVLWLRQRIRYHUSDVVVWUXFWXUHLQWRVXEJURXSVZKLFKZHUHWKHQFRQVLGHUHGLQGHWDLOIURPWKHSRLQWRISRVVLELOLW\
RIRSWLPDOPRGHOOLQJDVDSODQHPRGHO)URPWKHDVSHFWRIVHLVPLFHIIHFWVDQGV\VWHPGHIRUPDWLRQLWLVRISDUWLFXODU
LQWHUHVWWRDQDO\]HWKHRYHUSDVVVWUXFWXUHDORQJWKHWUDQVYHUVHGLUHFWLRQKHQFHRQO\WKLVGLUHFWLRQZDVDQDO\]HGGXULQJ
WKLVUHVHDUFK)LJXUHVKRZVD'PRGHORIWKHRYHUSDVVFUHDWHGDVDVROLGXVLQJDQHVSHFLDOO\HPSKDVL]HGWUDQVYHUVH
IUDPHRIWKHRYHUSDVV7KHRYHUSDVVFRQVLVWVRIWZRVSDQVRIPHDFKZKHUHDVWKHWUDQVYHUVHFURVVVHFWLRQLVPDGH
RIKROORZHGRXWSUHIDEULFDWHGHOHPHQWVZLWKGLPHQVLRQVRIFPZLWKDVSDQRIP&HQWUDOFROXPQVDUH
RIDFLUFXODUFURVVVHFWLRQZLWKFPDQGOHQJWKRIPFRQQHFWHGWRSLOHVZLWKFPDQGOHQJWKRIPYLD
5&FXEHVZLWKVLGHOHQJWKRIFP7RWDOZLGWKRIWKHRYHUSDVVLVPZKHUHDVWKHSODWHLQWKHFHQWUDOSDUWKDV
DKHLJKWRIFPDQGZLGWKRIFP7KHEHDPZDVPDGHRI0%FRQFUHWHZKLOH0%ZDVXVHGIRUFROXPQV
DQGSLOHV&ROXPQVSLOHVDQGEHDPVZHUHPRGHOHGXVLQJ OLQHDUILQLWHHOHPHQWV3ODVWLFL]DWLRQRI WKHV\VWHPWDNHV
SODFHVDWWKHORFDWLRQVRIORFDOSODVWLFL]DWLRQSODVWLFKLQJHVWKHUHIRUHSODVWLFKLQJHVZHUHDSSOLHG>@)RUWKH
EHDPSODVWLFKLQJHVZHUHGHILQHGDWWKHSODFHVZKHUHSODVWLFL]DWLRQLVHQDEOHGYLDEHQGLQJPRPHQWVZKHUHDVLQFDVH
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RIFROXPQVSODVWLFKLQJHVZHUHGHILQHGRQORFDWLRQVZHUHSODVWLFL]DWLRQRFFXUUHGWKURXJKWKHLQWHUDFWLRQRIQRUPDO
IRUFHVDQGEHQGLQJPRPHQWV3ODVWLFKLQJHVRIWKHEHDPDQGFROXPQVZHUHDSSOLHGRQHQGVZKLOHLQFDVHRISLOHV
WKH\ZHUH DSSOLHGXQLIRUPO\ DORQJ WKH OHQJWK6RLOSLOH LQWHUDFWLRQ LV FRYHUHGE\ DSSO\LQJ OLQN HOHPHQWVKHQFH D
VRSKLVWLFDWHGK\VWHUHVLVLQWHUDFWLRQPRGHOZLWKLQFRUSRUDWHGFRQWDFWHOHPHQWVJDSHOHPHQWIRUVLPXODWLRQRIUHDFWLRQV
WRSUHVVXUHZDVDSSOLHG%DFNERQHFXUYHVRIDK\VWHUHVLVPRGHOZHUHGHILQHGDVPXOWLOLQHDUp-yFXUYHVDFFRUGLQJWR
>@LQVXFKDZD\WKDWWKHWDQJHQWVWLIIQHVVLVGHWHUPLQHGIURPGLVFUHWHYDOXHVRIIRUFHDQGGLVSODFHPHQWVZKLFK
FKDQJHDORQJVRLOGHSWK ,QDGGLWLRQZKHQ WKHVHFXUYHVZHUHJHQHUDWHG WKHHIIHFWVRIJURXQGZDWHU OHYHOGHILQHG
DFFRUGLQJWRWKHJHRWHFKQLFDOSURILOHRIVRLOZHUHWDNHQLQWRDFFRXQW


)LJ$'PRGHORIWKHRYHUSDVVFUHDWHGDVDVROLGPRGHOZLWKHVSHFLDOO\HPSKDVL]HGWUDQVYHUVHIUDPHRILQWHUHVWIRUWKLVFRQVLGHUDWLRQ
163$DQDO\VLVRIDQRYHUSDVVLQWKHWUDQVYHUVHGLUHFWLRQ
163$LVSHUIRUPHGIRUDQRQOLQHDUPRGHORIVWUXFWXUHEHKDYLRXUZKHUHDVVHLVPLFHIIHFWVDUHJHQHUDWHGDQGDSSOLHG
WRWKHVWUXFWXUHLQIRUPRIVHLVPLFIRUFHV,QWKLVSDSHUWKUHHSURFHGXUHVIRUJHQHUDWLQJRIVHLVPLFIRUFHVZHUHDSSOLHG
DV VHLVPLF ORDGEDVHGRQ LQHUWLDO VHLVPLF IRUFHV DFFHODQGDFFRUGLQJ WR WKH ILUVWPRGH0DWHULDOQRQOLQHDULW\ LV
LQWURGXFHG YLD GHYHORSPHQW RI HODVWLFSODVWLF GHIRUPDWLRQ LQ SODVWLF KLQJHV ZKHUHDV DV JHRPHWULF QRQOLQHDULW\
LQFOXGHVP-ǻHIIHFWVDQGODUJHGLVSODFHPHQWV1RQOLQHDUVWDWLFDQDO\VLVRIHIIHFWVRIYHUWLFDOORDGZDVSHUIRUPHGILUVW
ZKHUHWKHVWLIIQHVVPDWUL[RIWKHV\VWHPREWDLQHGDWWKHHQGRIWKLVDQDO\VLVLVXVHGDVWKHLQLWLDOPDWUL[IRU163$
/RDGIURPWKHQRQOLQHDUVWDWLFDQDO\VLVRIHIIHFWVRIYHUWLFDOORDGVLVWUDQVIHUUHGDQGXVHGLQ163$VRWKDWWKHRYHUSDVV
DQDO\VLV LQUHDOLVWLFVHLVPLFFRQGLWLRQVFDQEHVLPXODWHG0D[LPXPDYDLODEOHVWUXFWXUHGLVSODFHPHQW LVGHWHUPLQHG
XVLQJDQLWHUDWLYHSURFHGXUHE\JUDGXDOO\LQFUHDVLQJGLVSODFHPHQWDQGFRQWUROOLQJWKHQXPEHURILQFUHPHQWVUHDOL]HG
7KHVKDSHVRIDOO163$SXVKRYHUFXUYHVDUHQHDUO\LGHQWLFDOWKHRQO\GLIIHUHQFHDSSHDULQJLQUHODWLYHYDOXHVRIWRWDO
VKHDUIRUFH+LJKHVWUHODWLYHYDOXHVRIWKHWRWDOVKHDUIRUFHZHUHREWDLQHGIRUVHLVPLFIRUFHJHQHUDWLRQXVLQJLQHUWLDO
IRUFHV7KLVZDVFDXVHGE\WKHLQIOXHQFHRIERWKWKHILUVWPRGHDQGKLJKHUPRGHVRIDWRWDOV\VWHPUHVSRQVHHVSHFLDOO\
WKHWKLUGIRXUWKDQGHOHYHQWK'HYHORSPHQWRISODVWLFKLQJHVDORQJWKHLQFUHPHQWDOVWDJHVYLDSHUIRUPDQFHVWDWHV$
%,2/6&3&'DQG(IRUDSSOLHGVHLVPLFIRUFHVLQHUWLDOIRUFHVDFFRUGLQJWRILUVWPRGHDUHVKRZQLQILJXUH

D E F 
)LJ'HYHORSPHQWRISODVWLFKLQJHVDORQJWKHLQFUHPHQWDOVWDJHVYLDSHUIRUPDQFHVWDWHV$%,2/6&3&'DQG(IRUDSSOLHGDVHLVPLF
IRUFHVORDGELQHULWDOIRUFHVDFFHOFDFFRUGLQJWRWKH,PRGH
9DOXHVRIJOREDOGULIWVDQGDFKLHYHGSHUIRUPDQFHVWDWHVDUHJLYHQRQWKHDEVFLVVDZKHUHDVWKHQXPEHURISODVWLF
KLQJHVNplZKLFKZDVDFKLHYHGLQVSHFLILFLQWHUSHUIRUPDQFHVWDWHV$%%,2,2/6/6&3&3&'(DQG!(DUH
JLYHQRQWKHRUGLQDWH7KHQXPEHURISODVWLFKLQJHVDQGGLVWULEXWLRQRIDFKLHYHGSHUIRUPDQFHVWDWHVLQFDVHRIDSSOLHG
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VHLVPLF IRUFHV DQG DFFRUGLQJ WR WKH ILUVWPRGH LVQHDUO\ LGHQWLFDOZKHUHDV LQ FDVHRI VHLVPLF IRUFHVJHQHUDWHG DV
LQHUWLDOWKH\DUHVRPHZKDWGLIIHUHQW7KLVGLIIHUHQFHLVUHIOHFWHGLQWKHQXPEHURIIRUPHGSODVWLFKLQJHVIRUVSHFLILF
YDOXHVRIJOREDOGULIWV
7KHVHFRQGSDUWRI163$LQFOXGHVWKHGHWHUPLQLQJRIWKHWDUJHWGLVSODFHPHQWDQDO\VLVRIWKHRYHUSDVVKHQFHIROORZLQJ
PHWKRGVZHUHXVHGIRUWKHSXUSRVHRIWKLVUHVHDUFKCapacity Spectrum Method &60DFFRUGLQJWR$7&>@DQG
Equivalent Linearization Method(/0DFFRUGLQJWR)(0$>@3DUDPHWHUDQDO\VLVRIWDUJHWGLVSODFHPHQWZDV
SHUIRUPHGIRUWKHDSSOLHGVHLVPLFIRUFHVDQGIRULQHUWLDOVHLVPLFIRUFHVDVSXVKRYHUORDGVLQFHPRGHOLQJRIVHLVPLF
IRUFHVDFFRUGLQJWRWKHILUVWPRGHUHVXOWHGLQVROXWLRQVH[WUHPHO\VLPLODUWRWKRVHREWDLQHGE\GLUHFWO\DSSOLHGVHLVPLF
IRUFHV3DUDPHWHUVCa DQGCvZHUHFRQVLGHUHG LQ WKH LQWHUYDORI WR DQG OHYHOVRI WDUJHWGLVSODFHPHQWVZHUH
GHWHUPLQHGIRUWKHVHYDOXHVXVLQJ&60DQG(/0PHWKRGV$WRWDORIWDUJHWGLVSODFHPHQWDQDO\VHVZHUHFDUULHG
RXWIRUWDUJHWGLVSODFHPHQWOHYHOVFDOFXODWHGLQWKLVZD\E\XVLQJSDUDPHWHUDQDO\VLV7KHIROORZLQJKDYHEHHQWDNHQ
LQWRFRQVLGHUDWLRQDQGVKRZQGLVSODFHPHQWDt ILJXUH WRWDOVKHDUIRUFHVt ILJXUHVSHFWUDOGLVSODFHPHQWSd,t
ILJXUH VSHFWUDODFFHOHUDWLRQSa,t ILJXUHYLEUDWLRQSHULRGTt ILJXUHGDPSLQJȟt ILJXUHDQGGXFWLOLW\ȝt
ILJXUHIRUDSSOLHGVHLVPLFIRUFHVDVSXVKRYHUORDG

D E 
)LJ9DOXHVRIGLVSODFHPHQWDtREWDLQHGIURPCaDQGCvSDUDPHWHUDQDO\VLVRIWDUJHWGLVSODFHPHQWIRUDSSOLHGVHLVPLFIRUFHVDVSXVKRYHUORDG
D&60PHWKRGE(/0PHWKRG
D E 
)LJ9DOXHVRIVKHDUIRUFHVtREWDLQHGIURPCaDQGCvSDUDPHWHUDQDO\VLVRIWDUJHWGLVSODFHPHQWIRUDSSOLHGVHLVPLFIRUFHVDVSXVKRYHUORDGD
&60PHWKRGE(/0PHWKRG
D E 
)LJ9DOXHVRIVSHFWUDOGLVSODFHPHQWSd,tREWDLQHGIURPCaDQGCvSDUDPHWHUDQDO\VLVRIWDUJHWGLVSODFHPHQWIRUDSSOLHGVHLVPLFIRUFHVDV
SXVKRYHUORDGD&60PHWKRGE(/0PHWKRG
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D E 
)LJ9DOXHVRIVSHFWUDODFFHOHUDWLRQSa,tREWDLQHGIURPCaDQGCvSDUDPHWHUDQDO\VLVRIWDUJHWGLVSODFHPHQWIRUDSSOLHGVHLVPLFIRUFHVDV
SXVKRYHUORDGD&60PHWKRGE(/0PHWKRG
D E 
)LJ9DOXHVRIYLEUDWLRQSHULRGTtREWDLQHGIURPCaDQGCvSDUDPHWHUDQDO\VLVRIWDUJHWGLVSODFHPHQWIRUDSSOLHGVHLVPLFIRUFHVDVSXVKRYHU
ORDGD&60PHWKRGE(/0PHWKRG
D E 
)LJ9DOXHVRIGDPSLQJȟtREWDLQHGIURPCaDQGCvSDUDPHWHUDQDO\VLVRIWDUJHWGLVSODFHPHQWIRUDSSOLHGVHLVPLFIRUFHVDVSXVKRYHUORDGD
&60PHWKRGE(/0PHWKRG
D E 
)LJ9DOXHVRIGXFWLOLW\ȝtREWDLQHGIURPCaDQGCvSDUDPHWHUDQDO\VLVRIWDUJHWGLVSODFHPHQWIRUDSSOLHGVHLVPLFIRUFHVDVSXVKRYHUORDGD
&60PHWKRGE(/0PHWKRG
$SSO\LQJ(/0PHWKRGLQFRPSDULVRQWR&60PHWKRGUHVXOWHGLQKLJKHUYDOXHVIRUDOOFRQVLGHUHGSDUDPHWHUV
H[FHSW GDPSLQJ 3DUDPHWHU Ca DQG Cv DQDO\VLV RI WDUJHW GLVSODFHPHQW UHDOL]HG WKH IROORZLQJ KLJKHVW YDOXHV
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GLVSODFHPHQWDt§P WRWDO VKHDU IRUFHVt§N1 VSHFWUDO GLVSODFHPHQW Sd,t,max§P VSHFWUDO DFFHOHUDWLRQ
Sa,t,max§JYLEUDWLRQSHULRGTt,max§VGDPSLQJȟt,max§DQGGXFWLOLW\ȝt,max§/HYHORIGDPSLQJGHWHUPLQHG
XVLQJWKHWDUJHWGLVSODFHPHQWDQDO\VLVLVVLJQLILFDQWO\KLJKHUWKDQWKHLQLWLDOYDOXH7KHUHDVRQIRUWKLVLVWKDWERWK
YLVFRXVDQGK\VWHUHVLVGDPSLQJWDNHVSDUWLQWKLVGDPSLQJ'XFWLOLW\GHWHUPLQHGE\XVLQJWDUJHWGLVSODFHPHQWDQDO\VLV
LVUHODWLYHO\KLJKVLQFHLQLWLDWLRQRIV\VWHPSODVWLFL]DWLRQLVUHDOL]HGDOUHDG\GXULQJWKHVHFRQGVWHSRI163$
9XOQHUDELOLW\DQGUHOLDELOLW\RIWKHRYHUSDVVLQWUDQVYHUVHGLUHFWLRQ
3UREDELOLVWLFFRQFHSWRISHUIRUPDQFHDQDO\VLVRI WKHRYHUSDVV WDNHV LQWRDFFRXQW WKH OHYHORIRYHUSDVVVWUXFWXUH
GDPDJHDVDIXQFWLRQRISUREDELOLW\RIRFFXUUHQFHLHDIXQFWLRQRIYXOQHUDELOLW\SUREDELOLW\IUDJLOLW\'DPDJHOHYHO
ZHUH FRQVLGHUHG DFFRUGLQJ WR+$=86 >@ VOLJKWPRGHUDWH H[WHQVLYH DQG FRPSOHWH7KHVHGDPDJH OHYHOVZHUH
GHILQHGDVDIXQFWLRQRIV\VWHPGXFWLOLW\ȝLQVXFKDZD\WKDWȝFRUUHVSRQGVWRVOLJKWGDPDJHȝFRUUHVSRQGV
WRPRGHUDWHGDPDJHȝFRUUHVSRQGVWRH[WHQVLYHGDPDJHDQGȝ!FRUUHVSRQGVWRFRPSOHWHGDPDJH$UHODWLRQ
EHWZHHQGLVFUHWHYDOXHVRIVSHFWUDODFFHOHUDWLRQSaDQGGXFWLOLW\ȝZDVSUHYLRXVO\HVWDEOLVKHGE\XVLQJDUHJUHVVLRQ
DQDO\VLVIRUDOLQHDUIXQFWLRQ&UHDWLQJRIYXOQHUDELOLW\FXUYHVZDVSHUIRUPHGLQUHODWLRQWRSaPHDVXUHRILQWHQVLW\E\
DSSO\LQJORJQRUPDOGLVWULEXWLRQWDNLQJLQWRDFFRXQWSUREDELOLW\GHQVLW\IXQFWLRQDQGFXPXODWLYHGLVWULEXWLRQIXQFWLRQ
)LJXUH D VKRZV YXOQHUDELOLW\ FXUYHV IRU WKH RYHUSDVV VWUXFWXUH DORQJ WKH WUDQVYHUVH GLUHFWLRQ 3UREDELOLWLHV RI
LQLWLDWLQJP!RIFRUUHVSRQGLQJGDPDJHOHYHOVRIWKHRYHUSDVVDORQJWKHWUDQVYHUVHGLUHFWLRQDUHSa JIRUVOLJKW
Sa JIRUPRGHUDWHSa JIRUH[WHQVLYHDQGSa JIRUFRPSOHWHGDPDJH3UREDELOLWLHVRIUHDFKLQJP RI
WKHFRUUHVSRQGLQJOHYHOVRIRYHUSDVVGDPDJHIRUWUDQVYHUVHGLUHFWLRQDUHSa JIRUVOLJKWSa JIRUPRGHUDWH
Sa JIRUH[WHQVLYHDQGSa!JIRUFRPSOHWHGDPDJH6\VWHPSHUIRUPDQFHDVVHVVPHQWLQDGGLWLRQZDVSHUIRUPHG
XVLQJUHOLDELOLW\VWDWHDQDO\VLVRIWKHRYHUSDVV7KLVDQDO\VLVLVEDVHGRQWKHSUHYLRXVYXOQHUDELOLW\DQDO\VLV)LJXUHE
VKRZVWKHUHOLDELOLW\FXUYHVIRUWKHRYHUSDVVVWUXFWXUHDORQJWKHWUDQVYHUVHGLUHFWLRQ1HJDWLYHYDOXHRIFRHIILFLHQWR
LQGLFDWHVWKHSRVVLELOLW\RIIDLOXUHDQGV\VWHPXQUHOLDELOLW\ZKHUHDVSRVLWLYHYDOXHRIWKLVFRHIILFLHQWLQGLFDWHVIDLOXUH
SUREDELOLW\FORVHWR]HURLHVLJQLILFDQWV\VWHPUHOLDELOLW\:KHQWKHYDOXHRIWKHFRHIILFLHQWLVR§V\VWHPUHOLDELOLW\
LV§ZKHUHDVLQFDVHRIR§V\VWHPIDLOXUHSUREDELOLW\ LVP 2YHUSDVVUHOLDELOLW\DORQJWKHWUDQVYHUVH
GLUHFWLRQ IRUP! LV DW SaJ IRU VOLJKW GDPDJH OHYHO SaJ IRUPRGHUDWH GDPDJH OHYHO SaJ IRU
H[WHQVLYHDQGSaJIRUFRPSOHWHGDPDJHOHYHO

D E 
)LJDYXOQHUDELOLW\FXUYHVEUHOLDELOLW\FXUYHV
9,.25PHWKRGRIGHFLVLRQPDNLQJLQWKHDQDO\VLVRIEULGJHUHKDELOLWDWLRQVWUHQJWKHQLQJ
7KH9,.25PHWKRGZDVGHYHORSHGIRUWKHSXUSRVHRIPXOWLFULWHULDGHFLVLRQPDNLQJLQVWUDWHJLFSURMHFWV>@E\
ILUVW LGHQWLI\LQJ WKH EHVW FRPSURPLVH VROXWLRQ LQ DPXOWLFULWHULD VHQVH IURP D VHW RI J SHUPLVVLEOH DOWHUQDWLYHV
HYDOXDWHGEDVHGRQDVHWRInFULWHULDIXQFWLRQV7KLVPHWKRGUHTXLUHVNQRZLQJWKHYDOXHVRIDOOFULWHULRQIXQFWLRQVIRU
DOO DOWHUQDWLYHV LQ WKH IRUPRI DPDWUL[ŒfijŒn[JZKHUH fij GHQRWHV WKHYDOXHRI iWK FULWHULRQ IXQFWLRQ IRU WKH jWK
DOWHUQDWLYH7KHFRPSURPLVHVROXWLRQFc f1c«fncLVWKHSHUPLVVLEOHVROXWLRQWKDWLVWKHFORVHVWWRWKHLGHDOVROXWLRQ
F* EHVW YDOXHV RI FULWHULD IXQFWLRQV +HUH FRPSURPLVH LPSOLHV DQ DJUHHPHQW UHDFKHG E\ PXWXDO WUDGHRIIV
UHSUHVHQWHGE\ǻfi fi*fici «n7KH9,.25PHWKRGLVFDUULHGRXWLQVHYHUDOVWHSV
• GHWHUPLQLQJWKHLGHDOSRLQWEDVHGRQWKHYDOXHVRIFULWHULDIXQFWLRQV
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• WUDQVIRUPDWLRQRIYDULRXVFULWHULDIXQFWLRQVGLIIHUHQWPHDVXUHVRIYDOXH
• DVVLJQLQJ FULWHULDZHLJKWVwi i n UHSUHVHQWLQJ WKH UHODWLYH LPSRUWDQFHRI WKH FULWHULRQ WKDW LVEDVHGRQ WKH
SUHIHUHQFHRIGHFLVLRQPDNHU
• GHWHUPLQLQJSjZHLJKWHGDQGQRUPDOL]HGManhattanGLVWDQFHRjZHLJKWHGDQGQRUPDOL]HGChebyshevGLVWDQFH
QjjJ
7KHSULRULW\OLVWRIPHWKRGVRIEULGJHUHKDELOLWDWLRQVWUHQJWKHQLQJZDVGHILQHGDQGGHFLGHGEDVHGRQWKHIROORZLQJ
DFWLYLWLHVIRUPLQJDOLVWRIPHWKRGVRIUHKDELOLWDWLRQVWUHQJWKHQLQJIRUPLQJFULWHULDIRUPXOWLFULWHULDRSWLPL]DWLRQ
QXPHULFDOSURFHGXUHRIPXOWLFULWHULDRSWLPL]DWLRQEDVHGRQWKH9,.25PHWKRGHYDOXDWLQJWKHVROXWLRQVIRUPHGLQ
DFFRUGDQFHZLWKWKHDGRSWHGFULWHULDUDQNLQJWKHDOWHUQDWLYHVROXWLRQVDQGDQDO\]LQJDQGVHOHFWLQJWKHSULRULW\PHWKRGV
RIEULGJHUHKDELOLWDWLRQVWUHQJWKHQLQJ,QWKHSUHOLPLQDU\VWDJHDQXPEHURIUHKDELOLWDWLRQVWUHQJWKHQLQJPHWKRGVZHUH
WDNHQLQWRFRQVLGHUDWLRQZKLFKLQWKHILQDOVWDJHZHUHUHGXFHGWRDWRWDORIPHWKRGV0HW0HWUHIXUELVKLQJ
UHKDELOLWDWLRQ FURVVVHFWLRQ VWUHQJWKHQLQJ DGGLQJ VWLIIHQHUV UHKDELOLWDWLRQ XVLQJ )53 VWULSV DGGLQJ GDPSHUV
LQVWDOOLQJEDVHLQVXODWLRQFKDQJLQJWKHVWDWLFV\VWHPDQGVWUHQJWKHQLQJIRXQGDWLRQZLWKSLOHVZKLOHFULWHULDEHLQJ
VHOHFWHGIRUPXOWLFULWHULDRSWLPL]DWLRQFDSDFLW\c1GXFWLOLW\c2GHIRUPDWLRQc3JOREDOVWDELOLW\c4UHKDELOLWDWLRQFRVWV
c5DQGWLPHQHHGHGIRUUHKDELOLWDWLRQc69DOXHVRIFRHIILFLHQWVc1c6DUHVKRZQDVQRUPDOL]HG)RUWKHSXUSRVHRIWKLV
VWXG\HLJKWSRVVLEOHVFHQDULRVZHUHGHILQHGIRUZKLFKGLIIHUHQWYDOXHVRIZHLJKWFRHIILFLHQWVwiZHUHFRQVLGHUHGDFURVV
WKHFULWHULD7DEOHVKRZVWKHGHFLVLRQPDWUL[DQGWKHSUHGHILQHGVFHQDULRVDORQJZLWKWKHZHLJKWFRHIILFLHQWV
7DEOH0DWUL[GHFLVLRQDQGSUHGHILQHGVFHQDULRVDORQJZLWKWKHZHLJKWFRHIILFLHQWVLQWKHDQDO\VLVRISULRULW\PHWKRGVRIEULGJH
UHKDELOLWDWLRQVWUHQJWKHQLQJ
 c1 c2 c3 c4 c5 c6  w1 w2 w3 w4 w5 w6 
0HW       6      
0HW       6      
0HW       6      
0HW       6      
0HW       6      
0HW       6      
0HW       6      
0HW       6      
7KHILUVWIRXUVFHQDULRV6666DUHUHODWHGWRVLWXDWLRQVZKHQKLJKHUZHLJKWFRHIILFLHQWVYDOXHVZHUHWDNHQ
LQWRDFFRXQWLQRUGHUWRLQFUHDVHWKHTXDOLW\RIEHKDYLRXURIEULGJHVWUXFWXUDOV\VWHP,QWKHFDVHRIWKHUHPDLQLQJIRXU
VFHQDULRV 6 6 6 6 KLJKHU LPSRUWDQFH LV DWWULEXWHG WR WKH HFRQRPLF HIIHFWV DQG WKH WLPH QHHGHG IRU
UHKDELOLWDWLRQVWUHQJWKHQLQJRIWKHEULGJH7KHXOWLPDWHVROXWLRQREWDLQHGXVLQJWKH9,.25PHWKRGLVVKRZQLQWKH
IRUPRISULRULW\UDQNVRIEULGJHUHKDELOLWDWLRQVWUHQJWKHQLQJPHWKRGV)LJXUH


)LJ5DQNLQJSULRULW\FKDUWRIEULGJHUHKDELOLWDWLRQVWUHQJWKHQLQJPHWKRGV
90   Mladen Ćosić et al. /  Procedia Engineering  156 ( 2016 )  83 – 90 
,QWKHFDVHRIWKHILUVWIRXUVFHQDULRV6666ZLWKKLJKHUYDOXHVRIZHLJKWFRHIILFLHQWVLQRUGHUWRLPSURYH
WKHTXDOLW\RIEHKDYLRXURIWKHEULGJHVWUXFWXUDOV\VWHPWKHPHWKRGRIFKDQJLQJWKHVWDWLFV\VWHP0HWLVWKHSULRULW\
DSSURDFKWRUHKDELOLWDWLRQVWUHQJWKHQLQJ,QWKHFDVHRIWKHODVWIRXUVFHQDULRV6666ZLWKWKHHPSKDVLVRQ
HFRQRPLFHIIHFWVDQGWKHWLPHQHHGHGIRUUHKDELOLWDWLRQVWUHQJWKHQLQJ0HWUHIXUELVKLQJUHKDELOLWDWLRQLVWKHSULRULW\
DSSURDFK+RZHYHULQVSHFLILFFDVHVWKHPHWKRGRIUHIXUELVKLQJUHKDELOLWDWLRQLVLQVXIILFLHQWO\DGHTXDWHIRUEULGJH
UHKDELOLWDWLRQVRZKHQFRQVLGHULQJWKHUDQNRIWUDGHRIIVROXWLRQVWKH0HWDSSURDFKDGGLQJVWLIIHQHUVLVREWDLQHG
DVRSWLPDOVROXWLRQ
&RQFOXVLRQ
5HVHDUFKGHWHUPLQHGWKHPD[LPXPYDOXHRIJOREDOGULIWRIIRUFROXPQVZKHUHDVIRUGULIWYDOXHVRI
VLJQLILFDQW UHGXFWLRQ RI ORDG EHDULQJ FDSDFLW\ 2Q WKH RWKHU KDQG GXFWLOLW\ IRU OHYHOV RI PD[LPXP UHDOL]HG
GLVSODFHPHQWDQGOHYHORIV\VWHPWDUJHWGLVSODFHPHQWDUHDOPRVWODUJHUWKDQDQGUHVSHFWLYHO\ZKLFKLQGLFDWHV
IDYRXUDEOHGXFWLOHEHKDYLRXU)UDFWXUHPHFKDQLVPGHYHORSPHQWRFFXUVYLDSODVWLFL]DWLRQRIFROXPQHQGVZKLFKDOVR
LQGLFDWHVDIDYRUDEOHIUDFWXUHPHFKDQLVPIRUVHLVPLFDFWLYLW\FRQGLWLRQV6\VWHPYXOQHUDELOLW\DQDO\VLVKDVVKRZQWKDW
XSWRSa JQHDUO\DOOOHYHOVRIGDPDJHDUHLQLWLDWHGEXWOHYHORIFRPSOHWHGDPDJHP FDQEHH[SHFWHGRQO\IRU
Sa!J+RZHYHU DOUHDG\ DW YDOXHV RISa§J H[WHQVLYH GDPDJH WR WKH RYHUSDVV LV H[SHFWHG WR RFFXU DORQJ WKH
WUDQVYHUVHGLUHFWLRQVZLWKSUREDELOLW\P§5HOLDELOLW\OHYHODQDO\VLVRIWKHRYHUSDVVDORQJWKHWUDQVYHUVHGLUHFWLRQ
VKRZHGWKDWUHOLDELOLW\R!LVHQVXUHGXSWRSaJIRUOHYHOVRIH[WHQVLYHGDPDJHDQGORZHU%DVHGRQWKDWLWFDQ
EHFRQFOXGHGWKDWWKHRYHUSDVVDORQJWKHWUDQVYHUVHGLUHFWLRQLVYHU\YXOQHUDEOHXSWRWKHOHYHORISa§JDQGWKDW
LQWKLVFDVHUHSDLUVDUHMXVWLILHG
$FNQRZOHGJHPHQWV
7KHZRUNUHSRUWHGLQWKLVSDSHULVDSDUWRIWKHLQYHVWLJDWLRQZLWKLQWKHUHVHDUFKSURMHFW75VXSSRUWHGE\
WKH0LQLVWU\RI(GXFDWLRQ6FLHQFHDQG7HFKQRORJLFDO'HYHORSPHQWRI5HSXEOLFRI6HUELD
5HIHUHQFHV
>@(1(XURFRGH'HVLJQRI6WUXFWXUHVIRU(DUWKTXDNH5HVLVWDQFH3DUW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